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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a solid 
polymer-type fuel cell which has a fuel electrode 
having a catalyst layer capable of retaining a catalyst 
performance when a reverse voltage is generated 
because of a fuel shortage accompanying rapid 
output power fluctuations and which has an 
electrolyte film capable of retaining an electrolyte 
performance when the reverse voltage is generated. 
SOLUTION: A metallic complex is added to a fuel 
electrode 7 of the solid polymer-type fuel cell 
provided with the fuel electrode 7 and an oxidizer 
electrode 8 opposing each other via the solid polymer 
electrolyte film 2. Because this metallic complex 
adsorbs oxygen in accordance with an increase in the 

oxygen partial pressure of the fuel electrode 7 and desorbs oxygen in accordance with a 
decrease in the oxygen partial pressure within an actuating temperature range of the fuel 
cell, oxygen generated at the time of generation of a reverse voltage can be removed 
efficiently, and deterioration and breakage of the catalyst substance and the electrolyte 
film of the fuel cell can be prevented. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of t:his translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The fuel electrode for polymer electrolyte fuel cells characterized by having the ion 
conductivity matter, the electronic conduction nature matter, and the catalyst matter, and adding a 
metal complex. 

[Claim 2] Said metal complex is a fuel electrode for polymer electrolyte fuel cells according to claim 
1 characterized by adsorbing oxygen according to the rise of the oxygen tension of said fuel 
electrode, and being desorbed from oxygen in the operating temperature range of said fuel cell 
according to reduction of said oxygen tension. 

[Claim 3] Said metal complex is a fuel electrode for polymer electrolyte fiiel cells according to claim 
1 or 2 characterized by consisting of a metal phthalocyanine or a metal tetra-phenyl porphyrin. 
[Claim 4] The polymer electrolyte fuel cell characterized by having had the fuel electrode and 
oxidizer pole which counter through the solid-state polyelectrolj^e film, and adding a metal complex 
to said fuel electrode. 

[Claim 5] Said metal complex is a polymer electrolyte fuel cell according to claim 4 characterized by 
adsorbing oxygen according to the rise of the oxygen tension of said fixel electrode, and being 
desorbed from oxygen in the operating temperature range of said fuel cell according to reduction of 
said oxygen tension. 

[Claim 6] Said metal complex is a polymer electrolyte fiiel cell according to claim 4 or 5 
characterized by consisting of a metal phthalocyanine or a metal tetra-phenyl porphyrin. 
[Claim 7] The control approach of the polymer electrolyte fuel cell characterized by removing the 
oxygen generated with said fuel electrode when reverse voltage arose in this fuel cell using the 
amount control means of oxygen prepared in said fuel electrode by output fluctuation of the high 
power polymer electrolyte fdel cell equipped with the fuel electrode which counters through the 
solid-state polyelectrolyte film, and the oxidizer pole, 

[Claim 8] The control approach of the polymer electrolyte fuel cell according to claim 7 
characterized by removing the oxygen by said amount control means of oxygen the predetermined 
tirrie immediately after generating of said reverse voltage. 

[Claim 9] The control approach of the polymer electrolyte fiiel cell according to claim 7 of 8 
characterized by using the oxygen adsorbent which adsorbs oxygen as said amount control means of 
oxygen according to the rise of the oxygen tension of said fuel electrode, and emits said adsorbed 
oxygen according to reduction of said oxygen tension. 

[Claim 10] The control approach of the polymer electrolyte fuel cell according to claim 9 
characterized by using a metal phthalocyanine or a metal tetra-phenyl porphyrin as said oxygen 
adsorbent. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not: responsi±>le for any 
damages caused by tlie use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated, 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the control approach of a poljmfier electrolyte fuel 
cell at the fuel electrode for polymer electrolyte fuel cells and a polymer electrolyte fuel cell, and a 
list. 
[0002] 

[Description of the Prior Art] Among fuel cells of varieties, such as a phosphoric acid fuel cell, a 
fused carbonate fuel cell, a solid oxide fiiel cell, and a polymer electrolyte fuel cell, a polymer 
electrolyte fuel cell can be constituted in a compact, and at low temperature, since actuation of high 
power is possible, promising of it is carried out as power sources, such as a fuel cell vehicle. 
[0003] In a polymer electrolyte fuel cell, by the negative-electrode slack fuel electrode side, the 
hydrogen of a fixel is consumed and a'hydrogen ion and an electron are generated by the ionization 
reaction expressed with the following reaction formula (1). 
2H2 ->4H++4e- ... (1) 

Moreover, oxygen, a hydrogen ion, and an electron are consumed and water is generated by the 
ionization reaction expressed with the following reaction formula (2) on the positive-electrode slack 
oxidizer pole. 

02+4H++4e->2H20 ... (2) 

And via the electrolyte which consists of the macromolecule ion exchange membrane which made 
the hydrogen ion intervene between a fuel electrode and an oxidizer pole among the products of the 
reaction of a reaction formula (1), via the external circuit which connects a fuel electrode and an 
oxidizer pole, an electron moves to an oxidizer pole from a fuel electrode, respectively, and is 
consumed at the reaction of a reaction formula (2). 

[0004] Since the electrolyte of this fuel cell is produced in an acid environment at this time, the 
reversible electrode potential EH2 of a fuel electrode is expressed with following [type 1] from 
Nemsfs equation. 
[0005] 
[Formula 1] 

[0006] (Among [a formula 1], in a gas constant and T, Kelvin temperature and F show a Faraday 
constant and a shows [ R ] activity.) 

Moreover, the reversible electrode potential E02 of the oxidizer pole of this fuel cell is expressed 
with following [type 2]. 
[0007] 
[Formula 2] 

£-0,-^0,+ 2^1n 

[0008] (E0O2 show standard oxygen electrode potential among [a formula 2].) 

And the principle of a fuel cell makes balanced electromotive force E02-EH2 given from [a formula 



http ://www4 . ipdl.ncip i . go .jp/cgi-bin/tran__web_cgi_ejj e 6/9/2006 



JP,2003-168442,A [DETAILED DESCRIPTION] 



Page 2 of 9 



1 ] and [a formula 2] the electromotive force of a cell. 

[0009] In case such a poljnner electrolyte fuel cell is carried in an automobile etc., it uses as a stack 
(set cell) which consists of dozens of pieces in fact, combining the electrode structure which is the 
base unit of a fuel cell himdreds of pieces. 

[0010] By the way, when the automobile in which the stack which consists of a polymer electrolyte 
fuel cell was carried performs sudden acceleration etc. and it makes this fuel cell produce rapid 
output fluctuation, corresponding to this output fluctuation, the hydrogen amount of supply of a fuel 
is increased and it is necessary to. supply a high current to a fuel electrode side from a cell. However, 
the hydrogen supplied as a fuel is a gaseous state, and since it is lacking in the readiness at the time 
of controlling this amount of supply, at the time of Qutput fluctuation, on real time, the amount of 
supply of the hydrogen corresponding to increase of the amoimt of currents follows, does not 
increase, but later than that timing, it will increase and will be supplied. 

[001 1] Although supply delay of this hydrogen is several second about room, since the ionic reaction 
of a reaction formula (1) is promoted so that the current which increases with output fluctuation may 
be balanced, and many hydrogen is consumed from output fluctuation or before, the hydrogen of a 
fuel runs short with the fuel electrode immediately after output fluctuation. That is, it will lapse into 
the lack of a fuel as a fuel cell. 

[0012] Nevertheless, in order to maintain the high current which this output fluctuation takes, an 
electron is supplied from a fuel electrode side in the form where it compensates that the amoxmt of 
supply of the electron by the reaction of a reaction formula (1) falls in connection with the lack of 
hydrogen. It is thought tiiat the reaction in the fuel electrode at this time is what is expressed with the 
following reaction formula (3) and (4). 
2H2 0->02+4H++4e- ... (3) 
C+2H2 0->C02+4H-H-4e- ... (4) 

And in connection with the above-mentioned reaction, the reversible electrode potential of a fuel 
electrode is [0013] corresponding to EH2 expressed with [a formula 1] corresponding to a reaction 
formula (1), E02 expressed with [a formula 2] corresponding to a reaction formula (3), and a 
reaction formula (4). 
[Formula 3] 

^Tj^ajfcoaO^ 
2F a*'*caH20 



EqQi E^QOz 7w=^ln 



[0014] (E0CO2 shows standard 2 carbon monoxide electrode potential among [a formula 3].) 
In EC02 expressed with [a formula 3], although multiplied by the constant according to the mole 
ratio of each resultant, it is equivalent to total 02 (k, m, and n show a constant.), i.e., 
kEH2+mE02+nEC. And the balanced electromotive force of a fuel cell is expressed with E02- 
(kEH2+mE02-i-nEC02) in this case, when output fluctuation is large, it is set to 
E02<kEH2+mE02-*-nEC02, and reverse voltage will arise in a fuel cell. And it will continue a 
grade for several seconds imtil supply delay of the hydrogen of a fuel cancels the condition of 
reverse voltage as mentioned above. 

[0015] At this time, the problem that the carbon used for the catalyst support in the catalyst bed 
which constitutes a fuel electrode is corroded by the reaction of a reaction formula (4), and the 
engine performance of a fuel electrode deteriorates by it arises in a fuel electrode side. And when the 
engine performance of such a fuel electrode deteriorates, the generation-of-electrical-energy engine 
performance of a fuel cell will fall, 

[0016] In order to prevent generating of this problem, the thing in which the catalyst which makes 
the catalyst bed of a fuel electrode promote the electrolysis of water is made to mix with WO 01/No. 
15274 official report is indicated conventionally. This thing prevents the corrosion of the carbon of 
catalyst support by increasing the reaction of a reaction formula (3) and controlling the reaction of 
the reaction formula (4) which advances in parallel to this. 

[00 1 7] However, in order moisture may be insufficient in connection with the electrolysis of water of 
a reaction formula (3), and it may become difficult to maintain the moistness of a fuel electrode and 
to prevent this, what is indicated in WO 01/No. 15249 official report adds PTFE resin and graphite 
to the substrate layer and catalyst bed of a fuel electrode, and is making the moisture content of a 
fuel electrode increase in the above-mentioned conventional thing. The reaction of a reaction 
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formula (3) is increased by this, maintaining the moistness of a fuel electrode, the reaction of the 
reaction formula (4) which advances in parallel to this is controlled, and the corrosion of the carbon 
of catalyst support is prevented. 

[0018] Moreover, what is indicated in WO 01/No. 15255 official report mixes the catalyst which 
makes the catalyst bed of a fuel electrode promote the electrolysis of water, and adds PTFE resin and 
the carbon of a graphite configuration to the substrate layer and catalyst bed of a fuel electrode 
further. Thus, controlling the moisture content of a fuel electrode and enabling it to maintain the 
moistness, the reaction of a reaction formula (3) is increased and the reaction of the reaction formula 
(4) which advances in parallel to this is controlled. And this prevents the corrosion of the carbon of 
catalyst support. 

[0019] Furthermore, the rate of catalyst support of a catalyst bed is made to increase to WO 01/No. " 
15254 official report, or corrosion resistance of catalyst support is raised, and what controls 
degradation of the fuel electrode component accompanying the reaction of a reaction formula (4) etc. 
is indicated. 

[0020] However, these control the corrosion of carbon and do not fully satisfy the resistance over 

reverse voltage. 

[0021] 

[Problem(s) to be Solved by the Invention] By the way, when the jdeld of the oxygen generated at 
the reaction of a reaction formula (3) becomes large, there is a possibility that various faults may 
arise by this generation oxygen in the fuel electrode and electrolyte membrane which constitute the 
electrode structure. 

[0022] The generated oxygen combines one of them with the carbon of catalyst support, and 
resistance of the whole fuel cell makes carbon corrode, and increases. The reaction at this time is 
expressed with the following reaction formula (5). 
02+C->C02 ... (5) 

Moreover, although a platinum alloy catalyst, such as a platinum-rutheniiun alloy, is used for the 
catalyst matter of a fuel cell in many cases for prevention of CO poisoning of platinum (Pt), the 
oxygen generated at the reaction of a reaction formula (3) decomposes this alloy catalyst, and it may 
degrade the catalyst engine performance. Decomposition of the catalyst at this time is expressed with 
the following reaction formula (6). 
02+Pt-Ru->Pt-fRu02 ... (6) 

Poisoning of the platinxim (Pt) separated by the decomposition reaction of a reaction formula (6) will 
be carried out by CO after all. 

[0023] And combustion combination is carried out with the hydrogen of the perimeter of a fuel 
electrode, a catalyst bed and an electrolyte membrane are degraded by this, or a possibility of making 
it damaging also has oxygen generated at the reaction of a reaction formula (3). Since the ion 
exchange resin (Nafion made firom DuPont, deflection myon by Asahi Glass Co., Ltd., etc.) of the 
conventional fluororesin system is the fluorine inclusions of high cost, the hydrocarbon system 
polymers (polyether ketone etc.) which do not use a fluorine may be used especially for the 
electrolyte membrane used for a fuel cell. When using such a hydrocarbon system polymer, the 
polymer frame may be fractured by the oxygen generated at the reaction of a reaction formula (3), an 
electrol)4e membrane is damaged by this, and it becomes impossible to demonstrate the engine 
performance of a fiiel cell. 

[0024] This invention makes it the technical problem to offer the fuel electrode which has the 
catalyst bed which can hold the catalyst engine performance, and to offer the polymer electrolyte 
fuel cell which has such a fuel electrode and the electrolyte membrane which can hold the electrolyte 
engine performance in the case of generating of reverse voltage, in case reverse voltage occurs with 
the lack of a fuel accompanying rapid output fluctuation in view of the above-mentioned trouble. 
[0025] Furthermore, this invention makes it a technical problem to offer the approach of controlling 
the polymer electrolyte fuel cell which can maintain the catalyst engine performance and the 
electrolyte engine performance at the time of reverse voltage. 
[0026] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, this 
invention constituted what added the metal complex to the fuel electrode for fuel cells which has the 
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ion conductivity matter, the electronic conduction nature matter, and the catalyst matter as a fuel 
electrode for polymer electrolyte fuel cells. In the polymer electrolyte fixel cell using this fuel 
electrode, the metal complex added in the fuel electrode adsorbs, and the oxygen generated when 
reverse voltage occurs by rapid output fluctuation can prevent degradation of the catalyst matter in 
the fuel electrode by this oxygen. 

[0027] hi this case, a metal complex is asked the function which adsorbs oxygen according to the 
rise of the oxygen tension of a fuel electrode, and is desorbed jfrom oxygen according to reduction in 
oxygen tension in the operating temperature range of a fuel cell. In case it originates in generating of 
the oxygen accompanying the lack of a fuel of the fuel electrode at the time of reverse voltage 
generating and oxygen tension goes up, such a metal complex can adsorb generating oxygen and can 
prevent degradation of the catalyst matter in a fuel electrode. Moreover, in case delay of supply 
increase of hydrogen is canceled and the oxygen tension of a fuel electrode decreases, such a metal 
complex is desorbed from the oxygen to ^yhich it stuck, and since it can maintain the activity of the 
function which carries out adsorption desorption of flie oxygen, it can be home at a reuse. In 
addition, since it is supplied by the amoimt of supply in which the hydrogen of a fiiel increased as 
mentioned above in case oxygen is desorbed from a metal complex, oxygen tension does not go up 
rapidly like [ at the time of reverse voltage generating ], and, for this reason, degradation of the 
catalyst matter in a fuel electrode is controlled. 

[0028] When a metal complex is added and constituted in that fuel electrode, a polymer electrolyte 
fuel cell equipped with the fuel electrode which coimters through the solid-state polyelectrolyte film, 
and an oxidizer pole and this fuel cell The metal complex added in the fuel electrode can adsorb, and 
the oxygen generated when reverse voltage occurs by rapid output fluctuation can prevent 
degradation of the catalyst matter in the fuel electrode by this oxygen, and can prevent degradation 
of the solid-state polyelectrolj^e film by this oxygen. 

[0029] In this case, a metal complex is asked the function which adsorbs oxygen according to the 
rise of the oxygen tension of a fuel electrode, and is desorbed from oxygen according to reduction in 
oxygen tension in the operating temperature range of a fuel cell. In case it originates in generating of 
the oxygen accompanying the lack of a fuel of the fuel electrode at the time of reverse voltage 
generating and oxygen tension goes up, such a metal complex can adsorb generating oxygen, and 
can prevent degradation of the catalyst matter in a fuel electrode, and can prevent degradation of the 
solid-state polyelectrolyte film by this oxygen. Moreover, in case delay of supply increeise of 
hydrogen is canceled and the oxygen tension of a fuel electrode decreases, such a metal complex is 
desorbed from the oxygen to which it stuck, and since it can maintain the activity of the function 
which carries out adsorption desorption of the oxygen, it can be home at a reuse. In addition, since it 
is supplied by the amount of supply in which the hydrogen of a fuel increased as mentioned above in 
case oxygen is desorbed from a metal complex, oxygen tension cannot go up rapidly like [ at the 
time of reverse voltage generating ], and, for this reason, degradation of the catalyst matter in a fuel 
electrode can be controlled, and degradation of the solid-state polyelectrolj^e film by this oxygen 
can be controlled. 

[0030] In addition, it is desirable for what is constituted as mentioned above to use a metal 
phthalocyanine or a metal tetra-phenyl porphyrin as such a metal complex in any [ of a fuel electrode 
and a fuel cell ] case. The suitable examples of this metal phthalocyanine are an iron phthalocyanine, 
a copper phthalocyanine, a zinc phthalocyanine, a cobalt phthalocyanine, etc. And the suitable 
examples of this metal tetra-phenyl porphyrin are an iron tetra-phenyl porphyrin, a copper tetra- 
phenyl porphyrin, a zinc tetra-phenyl porphyrin, a cobalt tetra-phenyl porphyrin, etc. 
[0031] By the way, when the high power polymer electrolyte flxel cell equipped with the fuel 
electrode which counters through the soUd-state polyelectrolyte film, and the oxidizer pole is used 
and reverse voltage arises in a fuel cell by the output fluctuation If it controls to remove the oxygen 
generated with the fuel electrode using the amoimt control means of oxygen prepared in the fiiel 
electrode, degradation of the catalyst matter in the fuel electrode by generating oxygen can be 
prevented, and degradation of the solid-state polyelectrolyte film by generating oxygen can be 
prevented. Although the above fuel electrodes are made to contain an additive and being chemically 
solved as an amoimt control means of oxygen which can be used in the case of such control, others 
and a mechanical control means are also included. For example, the device in which gas with large 
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specific gravity is attracted and removed fi"om hydrogen gas can be used. 

[0032] In this case, only the predetermined time immediately after generating of reverse voltage is 
easy to perform removal of the oxygen by the amount control means of oxygen. The condition of 
reverse voltage only continues about several seconds, and the amount of supply of hydrogen is 
increasing at the time of the dissolution of reverse voltage, and oxygen tension is decreasing. For this 
reason, oxygen tension does not go up rapidly like [ at the time of reverse voltage generating ]. 
Therefore, only by operating the amount control means of oxygen immediately after generating of 
reverse voltage about several seconds, degradation of the catalyst matter in a ftiel electrode can be 
controlled efficiently, and degradation of the solid-state polyelectrolyte film by this oxygen can be 
controlled efficiently. 

[0033] Moreover, it is possible to use the oxygen adsorbent which adsorbs oxygen as an amount 
control means of oxygen according to the rise of the oxygen tension of a fiiel electrode, and emits 
said adsorbed oxygen according to reduction of said oxygen tension. In case it originates in 
generating of the oxygen accompanying the lack of a fiiel of the fiiel electrode at the time of reverse 
voltage generating and oxygen tension goes up, such an oxygen adsorbent can adsorb generating 
oxygen, and can prevent degradation of the catalyst matter in a fiiel electrode, and can prevent 
degradation of the solid-state polyelectrolyte film by this oxygen. Moreover, in case delay of supply 
increase of hydrogen is canceled and the oxygen tension of a fiiel electrode decreases, such an 
oxygen adsorbent is desorbed firom the oxygen to which it stuck, and since the activity of the 
fimction which carries put adsorption desorption of the oxygen is maintainable, it can be used 
repeatedly. In addition, since it is supplied by the amount of supply in which the hydrogen of a fiiel 
increased as mentioned above in case oxygen is desorbed fi*om an oxygen adsorbent, oxygen tension 
cannot go up rapidly like [ at the time of reverse voltage generating ], and, for this reason, 
degradation of the catalyst matter in a fuel electrode can be controlled, and degradation of the solid- 
state polyelectrolyte film by this oxygen can be controlled. 

[0034] And it is desirable as such an oxygen adsorbent to use a metal phthalocyanine or a metal 
tetra-phenyl porphyrin. The suitable examples of this metal phthalocyanine are an iron 
phthalocyanine, a copper phthalocyanine, a zinc phthalocyanine, a cobalt phthalocyanine, etc. And 
the suitable examples of this metal tetra-phenyl porphyrin are an iron tetra-phenyl porphyrin, a 
copper tetra-phenyl porphyrin, a zinc tetra-phenyl porphyrin, a cobalt tetra-phenyl porphyrin, etc. 
[0035] 

[Embodiment of the Invention] Drawing 1 is the sectional view of the single eel 1 which constitutes 
the polymer electrolyte fiiel cell of this invention. With reference to dravsdng 1 , through an 
electrolyte membrane 2, the catalyst beds 3a and 3b of a pair counter, the laminating of the single eel 
1 is carried out, and the laminating of the diffusion layers 4a and 4b of a pair is fiirther carried out to 
the outside of both the catalyst beds 3 a and 3b. Air conduction slot 5b in which surrounded hydrogen 
conduction slot 5a joined to diffusion layer 4a, respectively, and separator 6a carried out the 
laminating and which was joined to diffiision layer 4b, respectively is surrounded, and separator 6b 
carries out a laminating and is foraied. 

[0036] Two or more hydrogen conduction slot 5a is prepared in the direction of a fi*ont flesh side of 
the space of drav^ng 1 , is the both ends of each hydrogen conduction slot 5a, and is connected to the 
hydrogen feed hopper (not shown) and hydrogen exhaust port (not shown) of the single eel 1 , 
respectively. And in hydrogen conduction slot 5a in the single eel 1, the hydrogen gas which is 
suppUed fi-om a hydrogen feed hopper and discharged fi"om a hydrogen exhaust port contacts 
diffiision layer 4a, and is supplied to a fiiel electrode 7. 

[0037] Moreover, two or more air conduction slot 5b is prepared in the longitudinal direction of the 
space of drawing 1 , is the both ends of each air conduction slot 5b, and is coimected to air supply 
opening (not shown) and the air exhaust port (not shown) of the single eel 1 , respectively. And in air 
conduction slot 5b in the single eel 1, the air which is supphed fi"om air supply opening and 
discharged firom an air exhaust port contacts diffusion layer 4b, and is supplied to the oxidizer pole 
8. 

[0038] The negative-electrode slack fiiel electrode 7 of the single eel 1 is constituted, and, as for 
catalyst bed 3 a and diffusion layer 4a, catalyst bed 3b and diffusion layer 4b constitute the positive- 
electrode slack oxidizer pole 8 of the single eel 1 . Since the basic structure of a fiiel cell consists of 
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two electrodes of such the fuel electrode 7 and the oxidizer pole 8, and an electrolyte membrane 2 
pinched by this, it says electrodes 7 and 8 and an electrolyte membrane 2 also as the electrode 
structure. Among the electrode structures, ion conductivity matter, such as ion exchange resin of a 
fluororesin system, is used for an electrolyte membrane 2 in order to make the hydrogen ion 
generated by the reaction of the above-mentioned reaction formula (1) in a fuel electrode 7 conduct 
to the oxidizer pole 8. 

[0039] Moreover, the diffusion layers 4a and 4b which constitute the electrode of the electrode 
structure are formed with the carbon of a porosity configuration etc. so that the air containing the 
hydrogen gas of a fuel and the oxygen of an oxidizer which are contacted and supplied to this can 
reach catalyst beds 3a and 3b equally, respectively. 

[0040] Catalyst bed 3 a of the fuel electrode 7 of the electrode stmcture consists of the electronic 
conduction nature matter and metal complexes, such as catalyst matter, such as ion conductivity 
matter, such as ion-exchange resin of a fluororesin system, and a platinum-mthenium alloy, and a 
carbon particle. This catalyst bed 3 a can mix the carbon particle, metal complex, and ion-exchange 
resin solution which supported the catalyst matter, can be considered as a catalyst paste, and can be 
produced using well-known approaches, such as the approach of applying to the carbon paper which 
constitutes diffusion layer 4a, or the approach of applying to the film. 
[0041] Catalyst bed 3b of the oxidizer pole 8 of the electrode structure consists of electronic 
conduction nature matter, such as catalyst matter, such as ion conductivity matter, such as ion- 
exchange resin of a fluororesin system, and platinum, and a carbon particle. This catalyst bed 3b as 
well as catalyst bed 3a is producible using well-known technique. 

[0042] Production of a polymer electrolj^e fuel cell which has a fuel electrode 7, the above- 
mentioned oxidizer pole 8, and an above-mentioned electrolyte membrane 2 can also be performed 
by the well-known approach. 

[0043] A metal complex is added to a fuel electrode 7 for preventing that the reaction of a reaction 
formula (3) advances in a fuel electrode 7, and the oxygen density of the fuel electrode 7 
circumference goes up rapidly at the time of reverse voltage generating when operating a polymer 
electrolyte fuel cell as described above. What is necessary is just to mix a metal complex about 20 to 
40% of the weight at the time of production of a catalyst paste. 

[0044] At this time, the metal ion in a metal complex (Me2+, Me3+) and the oxygen generated by 

the reaction of a reaction formula (3) react, and it is thought that the following reaction formula (7) 

and equilibrium as shown in (8) are formed. 

Me2-M-02=Me3+-0-0- ... (7) 

Me3+-0-0 and +Me2+=Me3+-0-0-Me3+ ... (8) 

In response to the time of an oxygen density going up by the reaction of a reaction formula (3), this 
oxygen generates a super oxo-complex with a metal complex by the reaction formula (7) and the 
reaction of (8). Thereby, the rapid rise of the oxygen density of fuel electrode 7 perimeter can be 
prevented. 

[0045] By the way, since a reaction formula (7) and the reaction of (8) are static reaction, if the 
amount of oxygen to generate falls, a reaction formula (7) and the balance of (8) will be shifted to 
the hard flow (from the right-hand side of a static reaction type to the left lateral) of a static reaction 
type. As described above, increase of the amoimt of supply of the hydrogen of a fuel delays and 
occurs, and the reverse voltage of a fuel cell will be canceled if the hydrogen amount of supply 
increases. Then, the reaction of a reaction formula (3) has ceased mostly and an oxygen density falls 
relatively conjointly with the shift of a reaction formula (7) and the forward direction (fi-om the left- 
hand side of a static reaction type to the direction of right-hand side) of (8) having advanced by then. 
Then, a shift to a reaction formula (7) and the hard flow of the reaction of (8) advances, and oxygen 
occurs again. However, at this time, since the amount of supply of hydrogen gas has already 
increased with the dissolution of reverse voltage, as compared with the time of generating of reverse 
voltage, an oxygen density does not go up rapidly and degradation of the component of the fuel cell 
by this is mitigated. 

[0046] Moreover, it is sufficient for a metal complex adsorbing oxygen in [ until reverse voltage is 
canceled (i.e., until the amoimt of supply of hydrogen increases behind time) ] several seconds, and 
as described above, it is having the function which responds to an oxygen density, and is adsorbed or 
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desorbed from oxygen, and the oxygen adsorption function of a metal complex is repeatedly 
effective. Therefore, if the oxygen adsorbent using such a metal complex is used as an amount 
control means of oxygen of the generating oxygen in a fuel electrode, the oxygen of a fuel electrode 
is efficiently removable. 

[0047] There is a metal phthalocyanine metallurgy group tetra-phenyl porphyrin in the metal 
complex which has such an oxygen adsorption function, and since especially a metal tetra-phenyl 
porphjoin forms the stable super oxo-complex as shown in a reaction formula (8), it is still more 
useful. 

[0048] Moreover, as the above-mentioned metal phthalocyanine, an iron phthalocyanine, a copper 
phthalocyanine, a zinc phthalocyanine, a cobalt phthalocyanine, etc. can be used, and an iron tetra- 
phenyl porphyrin, a copper tetra-phenyl porphyrin, a zinc tetra-phenyl porphyrin, a cobalt tetra- 
phenyl porphyrin, etc. can be used as a metal tetra-phenyl porphyrin. 

[0049] . In addition, the gestalt of operation of this invention adds the above metal complexes to a fuel 
electrode, and removes the oxygen generated in a fuel electrode by the oxygen adsorption function of 
a metal complex, using this as an amount control means of oxygen. It may change to the thing based 
on such a chemical operation, and what removes the oxygen generated in a fuel electrode by the 
mechanical work may be used. The device in which only the predetermined time immediately after 
reverse voltage generating (about several seconds) attracts and removes gas with large specific 
gravity from hydrogen gas as an example of a mechanical control means can be mentioned. 
[0050] 

[Example] The reverse voltage simulation test shown by following [trial 1] is used for evaluation of 
the single eel of a fuel cell. 

[0051] The air (40% of utilization factors) of 1.0 atmospheric pressures is supplied to an oxidizer 
pole from air supply opening of a single eel through a [trial 1] air circulation slot, and the hydrogen 
(80% of utilization factors) of 1.0 atmospheric pressures is supplied to a fuel electrode from the 
hydrogen feed hopper of a single eel through a hydrogen circulation slot. Cel temperature is made 
into 80 degrees C, and it humidifies by supplying a steam to the air and hydrogen for supply by the 
bubbling method. The generation-of-electrical-energy current of a single eel is taken out with the 
current terminal of the separator A of a single eel, and Separator B, and the electrical potential 
difference of a single eel is measured by making current density into 0.5 A/cm2 by extemal variable 
resistance. 

[0052] Connecting an extemal power to the current terminal of Separator A and Separator B, and 
maintaining the current density of 0.5 A/cm2, after performing an amplitude measurement and 
passing for 5 minutes in this condition, the hydrogen gas supplied from a hydrogen feed hopper is 
changed to nitrogen gas, and this condition is maintained for 10 seconds. Under the present 
circumstances, the nitrogen gas discharged from a hydrogen exhaust port at the time of nitrogen gas 
circulation is connected to gas-chromatograph equipment, and the gas constituents discharged are 
identified. 

[0053] After while [10 seconds ] maintaining circulation of nitrogen gas passes, nitrogen gas is 
again changed to hydrogen gas, and measurement of an electrical potential difference is continued 
for 5 minutes. 

[0054] The cycle which made 1 cycle the generation of electrical energy (hydrogen gas supply) for 5 
minutes is repeated several times, above-mentioned 5-minute generation-of-electrical-energy 
(hydrogen gas supply) -> — fuel starvation during 1 0 seconds (nitrogen gas supply, extemal power 
actuation) -> — Measurement of the generation-of-electrical-energy engine performance after the 
cycle test termination of a single eel, measurement of CO-proof poisoning engine performance after 
the cycle test termination of a single eel, identification of the generating gas at the time of the fuel 
starvation of a single eel, and analysis of the distribution condition of the metallic element in a single 
eel are performed. 

[0055] The support concentration of a [example 1] platinum-mtheniiun alloy fully mixed 140g (the 
product made from DuPont: Nafion SE51 12) of ion-exchange-resin solutions, 5g of water, and 45g 
of isopropyl alcohol solutions to lOg of things which carried out weighing capacity of the platinum- 
ruthenium alloy support carbon catalyst (Tanaka Kikinzoku Kogyo make: TEC 61E54) which is 
54%, and the iron phthalocyanine complex (Aldrich make) powder to the rate of the weight ratio 7:3, 
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and produced the catalyst paste to them. Subsequently, after having adjusted so that alloy 
concentration might serve as 0.3 mg/cm2, and applying a catalyst paste on the carbon paper which 
gave a water-repellent finish in PTFE beforehand, it dried, isopropyl alcohol and water were 
removed and the fuel electrode was produced. 

[0056] lOg (Tanaka Kikinzoku Kogyo make: TEC10E50E) of platinum support carbon catalysts 
which set the weight ratio of carbon black and platinum to 50:50, and lOOg [ of ion-exchange-resin 
solutions ] (product made from DuPont: Nafion SE51 12) and glycerol (product made from Kanto 
chemistry) 5g were mixed, and the catalyst paste was produced. Subsequently, it dried and the 
oxidizer pole was produced, after having adjusted so that platimmi concentration might serve as 0.3 
mg/cm2, and applying a catalyst paste on the carbon paper which gave a water-repellent finish in 
PTFE beforehand. 

[0057] The polyelectrolyte film (the product made from DuPont: Nafion) was put on the fiiel 
electrode and the oxidizer pole, and the electrode structure of a fuel cell was produced in hot 
pressing. It inserted with the separator B which prepared Separator A, hydrogen feed hopper and 
hydrogen conduction slot in which air supply opening, the air conduction slot, and the air exhaust 
port were prepared for this electrode structure, and the hydrogen exhaust port, and the single eel was 
produced! 

[0058] Thus, the reverse voltage simulation test shown in the single eel of the obtained fuel cell by 
[trial 1] was performed. 

[0059] As nietal complex powder mixed at the time of catalyst paste production of a [example 2] 
fuel electrode, except having used iron tetra-phenyl porphyrin complex (Aldrich make) powder 
instead of iron phthalocyanine complex (Aldrich make) powder, the single eel of a fuel cell was ' 
produced like [the example 1], and the reverse voltage simulation test shown by [trial 1] was 
performed. 

[0060] Except having produced the catalyst paste of a fuel electrode, without mixing the [example 1 
of comparison] metal complex, the single eel of a fuel cell was produced like [the example 1], and 
the reverse voltage simulation test shown by [trial 1] was performed. 

[0061] Drawing 2 shows aging of the terminal voltage of the single eel of [an example 1], [an 
example 2], and the [example 1 of a comparison]. As shown in drawing 2 (a) in any case, reverse 
voltage is carrying out short-time generating as the measuring time for a short time immediately after 
5-minute progress (T1-T2). the enlarged drawing by the side of T1-T2 close [ close reverse voltage 
generates drawing 2 (b) ] — it is — reverse voltage — from the generating — at most — it turns out that 
it has canceled in about 10 seconds. 

[0062] Drawing 3 shows the measurement result of the generation-of-electrical-energy engine 
performance after the cycle test termination of each ** eel of [an example 1], [an example 2], and the 
[example 1 of a comparison]. Each current density at the time of measurement was made into 0.5 
A/cm2. As for the single eel of [the example 1 of a comparison], a generation of electrical energy is 
no longer obtained to the generation-of-electrical-energy engine performance of the single eel of [an 
example 1] and a [an example 2] being maintained good after the niunber 10 times of trial cycles. 
[0063] Drawing 4 shows the measurement result for what added 50 ppm of COs in each ** eel of [an 
example 1], [an example 2], and the [example 1 of a comparison], and measured the generation-of- 
electrical-energy engine performance as CO-proof poisoning engine performance after the cycle test 
termination of each ** cel. As for the single eel of [the example 1 of a comparison], a generation of 
electrical energy is no longer obtained to the generation-of-electrical-energy engine performance of 
the single eel of [an example 1] and a [an example 2] being maintained good after the nvmiber 7 
times of trial cycles. Thereby, in [the example 1 of a comparison], the reaction of a reaction fomiula 
(6) advances and having caused catalyst loss is admitted. 

[0064] Next, the identification result (however, hydrogen gas and nitrogen gas are removed) of the 
generating gas at the time of the fuel starvation of each ** eel of [an example 1], [an example 2], and 
the [example 1 of a comparison] is shown in following [table 1]. 
[0065] • 
[Table 1] 
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[0066] From [Table 1], it is admitted in [the example 1 of a comparison] that the reaction formula (3) 
and the reaction of (4) are advancing at the time of reverse voltage generating (elapsed time: 5 
minutes - 5 minutes and 10 seconds). Moreover, in [an example 1] and [an example 2], by the 
function in which an iron phthalocyanine and an iron tetra-phenyl porphyrin carry out adsorption 
desorption of the oxygen, respectively, adsorption of oxygen is performed good to these iron 
complexes at the time of reverse voltage generating, and the oxygen with which these iron 
complexes were adsorbed immediately after the reverse voltage dissolution (elapsed time: - (5- 
minute and 10 seconds) 7 minutes) ****s. And after a reverse voltage dissolution (elapsed time: 7 
minutes - 10 minutes), the amount of oxygen in which the iron complex was adsorbed is drained, and 
since the amoxmt of oxygen from which it will be desorbed from now on decreased, it is admitted 
that an attenuation inclination is shown as oxygen identified at this time. 

[0067] Furthermore, the analysis result of the distribution condition of the metaUic element in each 
** eel of [an example 1], [an example 2], and the [example 1 of a comparison] is shown in following 
[table 2], 

[0068] 
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[0069] From [Table 2], existence of the ruthenium element of the fizel electrode origin was checked 
only on the oxidizer pole of [the example 1 of a comparison]. In [the example 1 of a comparison], 
since the electrolyte membrane was damaged by the oxygen generated at the reaction of a reaction 
formula (3), it is admitted that the ruthenium element of a fiiel electrode moved in the inside of an 
electrolyte membrane, and it arrived at the oxidizer pole. 
[0070] 

[Effect of the Invention] Since the fiiel electrode of this invention adds metal complexes, such as an 
iron phthalocyanine and an iron tetra-phenyl porphyrin, and is formed, it can remove the oxygen 
generated at the time of reverse voltage generating by the oxygen adsorption fimction of these metal 
complexes, and can prevent degradation of the catalyst matter by generating oxygen, or catalyst 
support, so that clearly from the above explanation. 

[007 1 ] Moreover, since the polymer electrolyte fixel cell of this invention has the fiiel electrode 
which added the above-mentioned metal complex and is constituted, it can remove the oxygen 
generated at the time of reverse voltage generating, and can prevent degradation and breakage of the 
component of fiiel electrodes, such as catalyst matter, or an electrolyte membrane. 
[0072] Furthermore, in case a polymer electrolyte fiiel cell is controlled by the amount control means 
of oxygen using the above-mentioned metal complex as an oxygen adsorbent etc., only the 
predetermined time immediately after reverse voltage generating is sufficient for removal of the 
oxygen by the amount control means of oxygen, and the control approach of the polymer electrolyte 
fiiel cell of this invention is efficient. And if the oxygen adsorbent which consists of the above- 
mentioned metal complex which responds to the change in the partial pressure of the oxygen to 
generate as such an amount control means of oxygen, and can be adsorbed or desorbed from oxygen 
is used, use of a repeat is possible for this oxygen adsorbent, and it can control still better 
effectiveness. And a long lasting polymer electrolyte fiiel cell is obtained by using such a control 
approach. 
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* NOTICES * 

JPO and NCIPI are no^ responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The sectional view of the single eel of a polymer electrolyte fuel cell 

[Drawing 2] (a) The graphical representation showing aging of the terminal voltage of (b) single eel, 

and its enlarged drawing 

[Drawing 3] The graphical representation showing the generation-of-electrical-energy engine 
performance after the cycle test termination of a single eel 

[Drawing 4] The graphical representation showing CO-proof poisoning engine performance after the 
cycle test termination of a single eel 
[Description of Notations] 

2 Electrolyte Membrane 

7 Fuel Electrode 

8 Oxidizer Pole 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/9/2006 



JP,2003-168442,A [DRAWINGS] 



Page 1 of 2 



* NOTICES * 

JPO and NCIPI are neb responsible for euiy 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



FDrawinp 1] 




nnnnnn 



8 



-5k> 
6b 



[Drawing 2] 



(a) 



(SO 



0.8 
0.6 
0.4 
02 
OJO 
-0.2 
-0,4 

-ae 

-0.B 
-1.0 
-1.2 



Ti T2 

I 1 



1 1 

• 




^ 




1 




1 


i 


1 

1 

1 




1 


• 


H 

1 


i 

1 


J 


* 
• 




i i 



4 5 6 



8 9 10 11 



(b) 



(V) 



0^- 

ao" 

a4- 

0^- 

ojo- 



-02 
-0,4 

-0^ 
-1^ 



-12- 



Ti Tt 




i N2 J- 



5» 5»1(» 



[Drawing 3] 
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[Drawing 4] 
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?fe=£rffi«TSCi*Seil/-ri»S, 20 

[0 02 5] Se.tC. *^Bj(i. MmiEB#tc|^1±#l^ 

[002 6] 

[»gi*)K^f */<:*©#s] ±fB^e*^^-r5fc 

■f. :aSl!3Eca;t»^«:j:oa!«E*i**-r5i*CC#|* 30 
[002 7] CCDlii^. jgS 

©J: ^ **©«t&Ji:^©aJi*s|sm $ n 

-CjS8f4S©K3g^*sSli>-rsPg{c, 

^sr'ettS3n-cti.5©r\ £fr^^fl#©j: -5 teg? 

( 0 0 2 8 ] -e- L-C. Bf*ig^^^^K®*/|-0-C*flS} 
■r-5>jgSf}SiK-(bS]St?:it^^.@ftiS:»'^^Mj^*4Sflfe 50 
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-e©M*4«ic^illi«i€:j3S*nL-r^)jX-r-5i, C© 

[0029] C<om^. ^JM^^CC^d&^n^OU. iHS 
<sjsafe©f'«iRfiSffiHCC*j(,»r. *^4S©1?^:9'BE©± 

^(D^mmo^mit^mstir^ctifix^. t.fc, c© 
(omminmm s nr j^if4fiB©©JS5>)i*5j«ii>-r ^ . 

m)*ig*sift^L/i:fiii^-c«*&3n-ct,»s©-c. a»« 
[0030] ^c*j. ±fB©j: '^tcfltBKT'S *>©*»> mn ■ 

S<i:jll4m?tfei©t>-rn©ti^^>. C©J:^)5:^^iS(* 
i 1/ -C^K 7 ^ P T > * fc -7" f- ^ 7 a: - ;!/ 

T->©Jtfia^«. (gfe:?5fUi'T:^>, ^7^n'>T^ 

(DitfMmit. ^9-\-^y s. x.}i,iinv7 ^ y > . my- 1- ^ 

>. ajovi-7-h'^y ^^jv^iJi^y ■( y»ii'-c*-5. 
[00 3 1 ] ic5r-, @«:]U^^m»g]S*^i/-rAt 

«i?SM©«<b%Ei5±rSCi*i-C*-5. C©<fc^>a:S!l 
Si©^K:fflt»s c t *5-c# -SSSfiSfla^Ki OTIJ. 
JiS© J: 5 Ad:*»l4ffiK:aiJlnS?il*^WS ii^b^^WtcW^t- 

J: 0 JtS©:^* c» 1 b t: ^)tit»%ffl 

[0 0 3 2] C©1S^. Bt^$lJ®#gK:j;^^»©^ 

33»sE©^aa©^sfl#raifcWf ^fe©-ca 
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[0033] itc. mmmf^m^&t o-c. nmmom 

i*s-ct-5, Sit. ccD^^tamMmmfm, 
i»>s<. c©fc«). *imeiJ©)i«i!^©s^<b*iiiisij 

[0 0 3 4]^L--r. C©J:^^cK*®i«S«iL/-C, ^fe 
>?rffit>*©3>sS$l/t,^ C©^7 5fn»^T->©» 

[0035] 

a. 3 bdsS^rSjUrSBS*!. $ e.«:?SMJ8a3 a, 3 
bOii^BlCcW— ^t©J£fJtB4a. 4b;W8t)SSti. -eo 40 

HLr-fe-'>U-:S«6 a*i§iJll/. Sfc. MeiJ14btc-e- 
ti-S'^iS'^ L.;fc^jiij£Sf 5 b ^-aa L/T -b U - 6 

bAsaeoTj^fiSidiii. 

[0036] Tkl^ijg^s a SI ©iffie©aft:^i^ 

**jiS£?«5 a{C*Jl>r. l£tJt@4 afcg^fiib-Cji^g so 
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[003 7 ] * fc. S»jiiJiJ?t 5 b »> SI ©«6ffi©2E 

©SMiiSSiSB bK:*JL>-C. S£f&a4 btC««!l>L-CK{b 
[0 038] 3 a ijetWl 4 a iB*-fe;l' 1 ©:ft 

mfci>mmi ^^fSHj. tic. mm^htimmA 

S?&©S:$:^». C ©«t: 0 t£imm 7 SL^m<kSiJ@ 8 

c»-r±ffiJSic^ ( 1 > ©J5Et.K:J:<3^RSSn^*«-Y:i- 

[0039] ^^^©^^©^^^fiSi-rsiEistJi 

4a. 4b«. Cti(^milL>xm^itiZ>im<Oii(.mii 

;^-^M<bSij©KsS*&*-r*^*^^n^nMi«)i3 

a. 3b{cl^fcSM-C**<fc^tc. |J7LMJ^©*- 

[ 0 0 4 0 ] m®«ffi»©i^S 7 ©ft4iS)l 3 a «. 7 

a^-;L-f-^"i'A'^^fc!:©M««!^S. *-5^'>if4^'U 
i'©m^^{£a|!tt!B)MSO'^SS§i*3&^6<«(SSn'&. C© 
fi!B»J13a». ftB«®S*tiJtbfc*-jK>*S[^i^JS 

0, ffitS{)14 a ?&«fiSr5*-sJ<>--t->'<-U:M7t-r-& 

x«^ic^?5)-r.5.7^ffi^<Z;*o©:^a4ffl(-»-cf'fis{ 

[004 1 ] m®1«j»(*©Kfb^J® 8 ©SMS 3 b 
y V ^Bl*© A ^ >iimmtJ: i'© >( :t >e3?14!^ 
e^Jtc i'©«^!^®. *-5^^>^^^c^:'©«^^G« 

!Ri«Sici^a]©#&*fflt>-Cf'raS^'5 C i*i-C# 
[0 042 ] ±ifi©j^if4ffi7 i®!{bi|fj@8 imMMia2 

i ^mt s HftB^j^-^j^s^tkcfPS^j^a^i©:!?!* k: 
[0 043 ] mn%7i'C^m^i^^mija-ri,<Dit, mi^ 

ilBUfcJ: ^(Cjj^if^e? Kfct^TJSfo^ ( 3 ) ©SfD*« 

jitf Lrjgl^ 7 S2©K«iSSAS:iiSi«:±^-r 4 c i 
*B5±-r5/c««>-C*-S. #SI&«:«M«'<-;^h©f'Pi? 

B$tC 2 0 ~ 4 0 SM%gSigA-rn«A(,^ 

[0 0 441 C©t*. ^m^»'P<O^A:t> (Me 
••. Me'*) iSJCoSe (3) ©Sf£«:J:i3^4-rSK« 
i^'SfBO-C. TieSJSSC (7) (8) ©<fc^*¥ 



C6) 



Me'* + 0, = Me'*-0-O' 
Me''-0-0 •+Me" = Me''-0 

<3) <DSSiiic^t)m^i&&ifi±^utct^K:. 

c<ommict. sjjac ( 7 > rzj^ ( s ) <Djgtc;cc<j; 0 , ^ 

[0045] tC SJE^ ( 7 ) sot ( 8 ) ©SlC 

sjSS; ( 7 ) scjf ( 8 ) ©¥«K^sitac©^:*?i^ 10 

-ecDiiP. (3) cDS)CE«lilSil^ 

JiLLTfeO. -etlSrtcSj&Sj (7) SJ>* (8) ©jE:?? 
1^ (^^5tt;S;cD^WJdi6«J:S-|Sl) cd>-7 hASjttf u 

•ecT. st&st (7) Siyt (8) c[>]5i£:©ji!:^ifij'^©^' 
[0046] tttc, ±mmtii)mm^^m-ri,sm^i3 

^X^i>, L/fc^^or. C©i^>5:^«iif4j^^t,^/ci! 

^mm^i. mmic*sm^^w&^<om^fmismm. 30 

[0047] C © J; ^5 ii^SK^^tg'SrWT ^#)llgft 

«. St&^ (8) tc^-rJz-^JS^^UfcJ^-vJ-^^^y 
[0 04 8] itc. ±ii<D^y ^Ui^T~>tLX 

Xt. ^mri-^yy x.^>l'yi<)l'y ^ ')>tLXii. ^f- 

[0049] J^dTfc. *^©j|*fe©»!^». «^g«:± 
^■fh^m^m^tiiiCDX^i,, c©J:^>ift^W 

^■rsK^€^*rs^>©-s:fflt>rfeSi>= Mifw«c*ii so 
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• • • (7) 

-O-Me'* • ■ • (8) 

[0050] 

(HJiWl «SSNtai?t&©#H2;V©^ffi©fcai). TIB [iCK 

[0 05 1 ] [^1 ] ^mii^*/^Lr*^2J^©s 

1 . OmiE©*^ (*ijffi*8 0%) 
■r-S. ■fe^I'iaK48 O'CKO. «^*&ffl©^MRO**SgK 

■fe;u©^^«j£'&«Slf)tJib. ^aJ©nl^igtntcJ:OmSfe 
gS*0. 5A/cm'iL/-C^-te;l/©mJE-S:ilJS-r 

[0052] c <DtKmxmE.mi^in o r 5 ^^rasa l 

fcgj. -^^>'^•^-3»Ai•fe-'^•^-^^Bi©«i5S*g^«:^i-g|J 

'^?S=&S^t^> 0. 5 A/cm'©mSgS&S5r<t}tL'^C 

C©t^®*l OiB-f^«J#-rS„ C©l^. 

[0053] mMi^:^<Dmm=&mnufc 1 owmimm 
LM^. mmfi:^'S:nz/^m^:!^iciin*)m^xms.(om 

[0054] ±iB© 5 -S-Kfl* {AfMii^^i^) -> 1 0 

#faM*4i^s il^sp^isfpsti) -5^ra 

mm*) MUX. ^-fe;U©-t)- ^ JH^il*?Tfj^©#emi4tg 

«6©a'J3t<i:> *-fe;u©j8Sr2fi«i^^©^**';^©|gi5gt, 

[0055] im^m 1 ] e^-Ji'f--'^ A^^©jij# 

(EBl^ft^XI^: TEC6 1 E5 4) i. ^7i»0 
*xrr.>^f* (T;1' k ?a3Si%Sai:b7 : 3 

©SJ^JC f¥fi 0 t> © 1 0 g (c . + >^^t§ifll?gfg 

(DuPon ti!{: Na f i on SE5112)14 

0g.7k5g. V7"a tvi/r;U3— ju;^4 5 

i;«?> P T F E tcrSTkffiS?: 0/c*-^>'<-''<-i 
[0 056] ^-^f^y? •?4'ia^£OSfiJt*5 

0 : bOLbtc&^mt^tj-t^yMm (m'pm^fMxm 
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TEC10E5 0E) lOgri. ■<:t>^mmm 
ffi (DuPon tS: Na f i on SE5112)1 

[0057] ji^fW£K{b^^-c. is^^^'sm 

(DuPont$S:Nafion) v b 

Ltc. 

[0058] C©J: ^ iCLX^htitcm^mmom-b}V 

[ISM 1 ] ■C7F-r3!miES^«.il*if o fc. 

[0 05 9] immm2-nmm<Dfikm^-'::x.yimm 
[0060] [tmm 1 ] ^mw^m-^itricmm 

(DMM^--:^ h ^{'^SiiLfcfeWB. [justed 1 ] ilUfil 

[0G6i]^2». immmi]. [mmmz^jsm^ 
m^fsito-c5^&m.^<m.mwi (Tx-t.) tc. a* 30 

■5. 

[0 06 2] @3«. [3|]teta)i], [^^ca|2]Riyt 

«fe©SiJS^m*7S-r ©r * S . jMS^©SSK2gffi» I > 
rn*jO. SA/cm'iLfco [^SSt^ 1] SO' [SI 

^042] ©^•i2;u©|fe^14figAS^«:aBt$*T,-ct,»*© 
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[0 0 63] ia4», [Hife^n. [iyi«^2]z^o' 

[ttmtl ] ©S#42;U(CC04 5 0 ppm^JjOL/ra 

@tttg*S'J5EL:fcfe©^S*-fe;i'©t*- ^ i> ;u^i^Tf^ 

©WCOl*«tt«i<!:l/t:. •€-©9J®fe:S*:^Lfc^©r 
^■S. 1 ] SO' [**feW2 ] ©m-f:JV©^mtt 

tedJ^tCitBf 3*irt>€.©fCji«rL. [tbliC^l]©* 

cntc<l:0. [it«J«^l ] -C«. SJSSC (6) ©JS 

[0064 ] -Ate. [mmm i ] . [^01)2 ] rz/ 
[ttmii ] ©s*H2;i'©«pii^^^©*5fe5!/x©i^s 

1 ] (c^-r. 

[0065] 

























CO g.Ofi 






Ob 


CO e. Oa 











[0 066] [«i]cfc«3. [ttecaii ] «:*Jt>-c. jS! 
(3) RZJf (4) ©SJ£*«ittf br i3i5^«i)6n 

mmsmmm.^ (mm^^m • 5»io#-7:») tccne.© 

miE»mffe (^iSB^F^ : 7^~io^) tt, St.ii(${ceR« 

[0 06 7]?p,fc> [HifeWi]. [ jl:te0«2 ] Siyf 

[tti<<?ai ] ©^m-fe;H^©^Jl7E*©53'^&tfc«©»?*f 

fes*Tia [^2] ic^-r. 

[0068] 
[«2] 













Pt, Ru. C. S, F. 0 


Pt, Ru. C. S. F. 0 


Pt Ru, C. S. F. 0 




C. S. F 


C. S, F 


C, S. F 




Pt. C. S. F 


Pt. C. S. F 


Pt Ru, C. S. F 



[0 06 9] [a2]<to. [ttmil] (omitmmo 
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[0 07 0] 
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[007 1 ] i/c. :$:mM<Dmwmf^^m^mmt. 

[0072] d 6(C. ±Mi^^i^iWm^W?\fj: t' t 
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ticjzo mmi»<Dm»m^^iwm^mi)m ens. 
[@McDis#>:cSi^] 

[0 1 ] @#ilf^S!*«f4a?tb©m-feJKDBrffiS 
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